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Hh-dependent Pdgf signaling mediates zebrafish
palatogenesis
Johann K. Eberhart, Mary E. Swartz, Taylor C. Boling,
Charles B. Kimmel
Univ. of Oregon, Eugene, OR, USA
We are exploring the genetic basis for signaling hierarchies
governing vertebrate skull development using the zebrafish
larvae. We have found that neural crest precursors for the
palatal and upper jaw cartilages fail to condense on the oral
ectoderm in embryos lacking Hh signaling. Genetic mosaics
demonstrate that neural crest condensation depends on Hh
signaling from the ventral presumptive brain to the presump-
tive oral ectoderm, not to the neural crest cells themselves.
Thus, Hh signaling specifies a capability of the oral ectoderm
to condense palate and upper jaw precursors. Our ongoing
forward genetic screen has identified Pdgf signaling as one
component of the oral ectoderm’s influence on the crest-
derived palate precursors. Mutation of pdgfra causes cleft
palate in zebrafish and genetic mosaics show that pdgfra is
required in cranial neural crest cells for palatogenesis.
Expression analysis in smoothened mutants shows that
transcripts of some ligands for Pdgfra, pdgfs, are expressed in
a Hh-dependent fashion in the oral ectoderm. Additionally,
forced expression of pdgfs in Hh-deficient embryos is capable
of rescuing the condensation of neural crest in the palatal
region. Together, these results suggest a model in which Hh
signaling from the brain specifies Pdgf signaling in the oral
ectoderm, which in turn promotes palatogenesis.
doi:10.1016/j.ydbio.2006.04.307
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Retinoic acid antagonism of FGF signaling during
node stages
Gregg Duester, Ioan Ovidiu Sirbu
Burnham Institute for Medical Research, La Jolla, CA, USA
Extension of the posterior body axis in vertebrate embryos
depends upon opposing cell–cell signaling gradients of
retinoic acid (RA) generated by Raldh2 in paraxial mesoderm
and fibroblast growth factor (FGF) generated by Fgf8 in the
primitive streak. Raldh2/ mouse embryos have excessive
Fgf8 expression posteriorly, plus they fail to differentiate
posterior neuroectoderm and exhibit small somites with left–
right asymmetry. Here we demonstrate that RA signaling at
node stages is uniform across the left–right axis and occurs in
node ectoderm but not node mesoderm. This finding is in
contrast to studies of others suggesting that RA may be
transported by leftward nodal flow resulting in higher RA
signaling in left mesoderm. In node-stage Raldh2/ embry-
os, ectodermal Fgf8 expression (normally limited to epiblast)
encroaches anteriorly into node ectoderm and neural plate, but
expression in presomitic mesoderm is unchanged, suggesting
that ectoderm is the target of RA. Studies on Raldh2/
embryos rescued by RA treatment demonstrated that the target
of RA signaling during axis extension is indeed ectoderm and
not presomitic mesoderm. Although Raldh2 and Fgf8 are both
expressed in the presomitic mesoderm, RA does not function
there to antagonize Fgf8 expression during somitogenesis, but
instead RA travels to the adjacent neural plate and node
ectoderm where it antagonizes Fgf8 expression. Thus, we
propose that disruption of both neuroectoderm and presomitic
mesoderm in Raldh2/ embryos is attributed to excessive
ectodermal Fgf8 mRNA resulting in excessive secretion of
FGF8 that aberrantly signals to the neuroectoderm, presomitic
mesoderm, and node mesoderm.
doi:10.1016/j.ydbio.2006.04.308
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